The impact of performing exercise on the immune system presents contrasting effects on health when 23 performed at different intensities. In addition, the consequences of performing chronic exercise have 24 not been sufficiently studied in contrast to the effects of acute bouts of exercise. Our findings shed 25 light on the effects that chronic exercise elicits on several immune cell subpopulations, from the 26 innate to the adaptive immunity. For this study male Wistar rats performed treadmill running 5 times 27 a week for a period of 10 weeks, speed and duration in each exercise bout was gradually increased 28 until reaching 40 minutes at 15 m/min. Our results showed a significant decrease in lymphocyte 29 subpopulations (CD4+, Tγδ, and CD45 RA+ cells) and also indicate an alteration in the cannabinoid 30 receptors expression in some of these cells subsets. Although functional assays did not reveal any 31 variation in total immunoglobulin production or NK cells cytotoxic activity, proliferative capability 32 of total splenocytes increased in trained rats. Our results further support the notion that exercise 33 affects the immunological system and extends the description of underlying mechanisms mediating 34 such effects. Altogether, our results contribute to the understanding of the benefits of exercise on the 35 practitioner´s general health.
159 carbon dioxide (CO 2 ), 5% at 37ºC. Yac 1 cells were expanded for a week then counted on a 160 Neubauer chamber and finally stained with CFSE kit for further use in cytotoxic assays. 161 162 In vitro cytotoxic assay 163 Yac 1 cells were stained with cell trace™ CFSE kit according to the manufacturer's protocol and 164 used as target cells for the assay. A single cell splenocyte suspension was obtained from rats in the 165 different experimental conditions as previously described, they were counted and used as the effector 166 cells in the assay. Finally both, effector and target cells were co-cultivated in RPMI medium 167 supplemented with 10% FBS for 4 hours, into 96 round well plates. Thereafter co-cultures were 168 removed from the incubator and stained with Propidium Iodide and washed with Facs buffer.
169 Acquisition was performed in an Attune Cytometer (life technologies) and data further analyzed 170 with FlowJo software (Treestar Inc.). 171 9 172 Corticosterone and IgG levels assesssment 173 Animals were anesthetized and sacrificed one day after concluding their experimental condition, at 174 the same time that they had been set for exercising (14:00-16:00 hr.). Cardiac puncture was 175 performed in order to extract blood, which was immediately centrifuged at 4000rpm to collect the 176 blood serum. Subsequently, blood serum was divided into two aliquots and stored at -70ºC for later 177 use. Corticosterone levels were assessed with a Corticosterone ELISA kit (Abcam® ab-108821) and 178 procedures underwent according to manufacturer's protocol. Assessment of the levels of IgG in 179 serum were carried out on a 96 flat bottom well plate. The plate was previously sensitized with a 180 dilution of blood serum (1:1000), washed and blocked with a 1% albumin solution. Subsequently, , 181 the plate was incubated for 2 hours antibodies α IgG rat HRP were incubated, and once incubation 182 finished, several washes were performed, chromogen was added to the wells, the reaction was 183 stopped and the reading of the plate was carried out on a Stat Fax 4200 microplate reader (Awarness 184 Technology). 248 From the innate immune system, NK cells (CD161+) and macrophages were analyzed. NK cells from 249 EXE and TC groups showed a decrease in CB2 expression, compared to SED, while no change was 250 observed in CB1 expression. Macrophages (CD11b+) did not present changes in the expression of 251 any CBR among groups (Fig 4) . From the adaptive immune response, T helper lymphocytes (CD4+ 252 cells) presented an increase in the expression of CB1 in animals from EXE group when compared to 253 both control groups SED and TC, while no statistically significant difference was observed regarding 254 CB2 expression. A similar phenomenon was observed in Tγδ subpopulation from EXE animals, 255 which showed a higher expression of CB1 when compared to SED and TC groups ( 294 Proliferative capacity and cytotoxic activity have been tested before in order to assess the degree of 295 competence of a subject's immune system. In order to observe if chronic exercise has any effect on 296 both features we performed in vitro tests. For the proliferation assay we obtained total splenocytes 297 and cultivated them on complete RPMI medium plus PMA and ionomycin for 72 hours. Data 298 analyzed reflected no difference among groups in their proliferation index ( Fig 7B) . Nevertheless, 15 299 total splenocytes from EXE group showed a higher proportion of dividing cells when compared to 300 SED and TC groups ( Fig 7C) . Furthermore, we decided to test the proliferative capacity of the 301 immune cell subpopulations and we found that B lymphocytes and NK cells from the EXE group 302 exhibited a higher proportion of dividing cells than both SED and TC groups ( Figure 7D ). 315 In order to measure the cytotoxic capacity of splenocytes from the different groups, we performed a 316 cytotoxicity test utilizing Yac1 cells as target cells and cultivating them with total splenocytes from 317 animals of the different groups. Yac1 cells were previously marked with CFSE, and at the end of the 318 test dead cells were dyed with propidium iodide, so double positive cells represented the target cells 319 killed. The assay was carried out at three different effector/target ratios: 10:1, 50:1 and 100:1 and 320 none showed any significant difference among treatments after the statistical analysis (Fig 8) . 339 Although widely studied, the consequences of physical activity over the IS remain as a promising 340 field not only to expand our comprehension on basic physiology, but also on physiopathology and the 341 different processes that take part on the orchestration of the immune response. At first instance, our 342 investigation tries to emulate in rats a popular paradigm of exercising in modern times across the 343 global population, which involves the chronic performance of medium intensity resistance exercise. 368 two parameters were evaluated: the proliferation index and the percentage of dividing cells. The first 369 represents the mean of divisions that dividing cells underwent during the assay, which showed no 370 difference among groups. In turn, the percentage of dividing cells among groups during the 371 experiment showed statistical differences, being higher in splenocytes from the EXE group.
372 Altogether, this data suggests that cells from EXE group are not more efficient at dividing once they 373 have been activated but that more cells in proportion from EXE group are prone to proliferate once 374 they have been exposed to PMA and ionomycine. These results made us wonder if this trend would 375 be persistent in basal conditions, so we compared the percentage of proliferation in splenocytes 376 among the experimental groups without activation by PMA and ionomycine and the statistical 377 analysis showed no difference among them, reflecting a response produced by activation and not an 378 anomaly that could reflect an inflammatory state that in turn could favor an autoimmune response.
379 Thereafter, we evaluated the percentage of dividing cells from specific subpopulations, T helper 380 cells, cytotoxic T cells, B lymphocytes and NK cells, showing an increase in the percentage of 381 dividing cells in the last two subpopulations by effect of exercise. On the other hand, statistical 382 analysis from the cytotoxicity test did not show variation among the experimental groups in any of 383 the target/effector cell ratios tested, so data provided from this experiment does not suggest a higher 384 cytotoxic activity from NK cells as a consequence from exercise. Nonetheless, exercise enhances the 385 amount of NK cells that proliferate, which may indicate a higher immune-surveillance against 386 transformed and virally infected cells in chronically exercised subjects.
